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Devonian(?

Lebanon granite
Lebanon granite, a medium- to coarse-grained pink, subporphyritic, some
what granulated granite and gneissic granite, composed of microcline, quartz,
oligoclase, biotite, epidote, and muscovite. lb_, border gneiss, a fine- to
medium-grained, dark-gray, granulated quartz diorite gneiss; composed of
oligoclase, quartz, biotite, epidote, microline, hornblende, and muscovite.
Amphibolite (a)
Intrusive dark-green amphibolite composed of hornblende, andesine, and epidote
Littleton formation
Black to gray quartz-mica schist
Metamorphosed diabase:
x■''' t m b M
Numerous sills and dikes of medium- to coarse-grained dark-green meta-diabase
composed of sodic plagioclase, hornblende or chlorite, and epidote.
Gneiss (gn)
At White River Junction a lit-par-lit gneiss; banded gray gneiss composed of
quartz, albite, and. minor muscovite, chlorite, and epidote. Northeast of
Plainfield a well-lineated gneiss composed of quartz, albite, chlorite, and
epidote.
Hornblende gneiss (h):
Dark-green hornblende gneiss composed of hornblende, albite, and epidote
A thick meta-gabbro sill.

Ordovician( ?)

i

Nf

Orfordville formation (Oo):'
Main part of formation, Oo, is gray, black, or tan quartz-mica schist or
phyllite. Small volcanic lenses, Oov, composed of hornblende schist or chlorite
schist. Hardy Hill member, Ooh, consists of gray to white quartzite and quartz
conglomerate; small lentils of white calcite-quartz schist, Ooc. Post Pond vol
canic member, Oop, consists of hornblende schist or chlorite schist. Locally,
the Orfordville formation is converted to feldspathized gneiss,
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Gile Mountain formation
Main part of formation, Og, consists of gray quartz-mica schist and quartzite.
Lentils of dark-green hornblende schist, Ogh, of probable volcanic origin, con
sist of hornblende, oligoclase, and epidote. Black calcite-quartz schist, Ogc,
Meetinghouse slate member, Ogm, consists of black phyllite.
Waits River formation (Ow):
Main part of formation, Ow, consists of brown-weathering calcite-quartz schist
with lesser amounts of gray mica schist. Lentils of hornblende schist, Owh, of
probable volcanic origin, consist of hornblende, oligoclase, and epidote.
Standing Pond amphibolite, Ows, is dark-green hornblende schist with some gray
quartz-mica schist.
NOTE:

Albee and Ammonoosuc formations (Ordovician) and Clough and Fitch formations
(Silurian) are cut out by the Northey Hill thrust where the Orfordville and
Littleton formations are in juxtaposition.
Meetinghouse slate is probably the equivalent of the part of the Orfordville
formation below the Post Pond member.
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Lebanon granite
lg, Lebanon granite, a medium- to coarse-grained pink, subporphyritic, some
what granulated granite and gneissic granite, composed of microcline
oligoclase, biotite, epidote, and muscovite, lb, border gneiss, a fine- to
medium-grained, dark-gray, granulated quartz diorite gneiss; composed of
oligoclase, quartz, biotite, epidote, microline, hornblende, and muscovite.
Amphibolite (a)
Intrusive dark-green amphibolite composed of hornblende, andesine, and epidote
Littleton formation (Dl)
Black to gray quartz-mica schist
Metamorphosed diabase
Numerous sills and dikes of medium- to coarse-grained dark-green meta-diabase
composed of sodic plagioclase, hornblende or chlorite, and epidote
Gneiss
At White River Junction a lit-par-lit gneiss; banded gray gneiss composed of
quartz, albite, and. minor muscovite, chlorite, and epidote. Northeast of
Plainfield a well-lineated gneiss composed of quartz, albite, chlorite, and
epidote
Hornblende gneiss (h)
Dark-green hornblende gneiss composed of hornblende, albite, and epidote
A thick meta-gabbro sill.
Orfordville formation (Oo)
Main part of formation, Oo, is gray, black, or tan quartz-mica schist or
phyllite. Small volcanic lens.es, Oov, composed of hornblende schist or chlorite
schist. Hardy Hill member, Ooh, consists of gray to white quartzite and quartz
conglomerate; small lentils of white calcite-quartz schist, Ooc. Post Pond vol
canic member, Oop, consists of hornblende schist or chlorite schist. Locally,
the Orfordville formation is converted to feldspathized gneiss,
Gile Mountain formation
Main part of formation, 0g , consists of gray quartz-mica schist and quartzite.
Lentils of dark-green hornblende schist, Ogh, of probable volcanic origin, con
sist of hornblende, oligoclase, and epidote. Black calcite-quartz schist, Ogc,
Meetinghouse slate member, Ogm, consists of black phyllite.
^
Waits River formation (Ow):
Main part of formation, Ow, consists of brown-weathering calcite-quartz schist
with lesser amounts of gray mica schist. Lentils of hornblende schist, Owh, of
probable volcanic origin, consist of hornblende, oligoclase, and epidote
Standing Pond amphibolite, Ows, is dark-green hornblende schist with some gray
quartz-mica schist
NOTE:

Albee and Ammonoosuc formations (Ordovician) and Clough and Fitch formations
(Silurian) are cut out by the Northey Hill thrust where the Orfordville and
Littleton formations are in juxtaposition
Meetinghouse slate is probably the equivalent of the part of the Orfordville
formation below the Post Pond member
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TRIP B
STRUCTURAL GEOLOGY OP THE HANOVER REGION - SATURDAY, OCTOBER 9, 1954, 8:00 A.M.
Leader:

J. B. Lyons

Assembly Point
In buses on East Wheelock Street in front of Alumni Gymnasium.

General
The Hanover quadrangle of west-central New Hampshire and east-central Vermont
straddles a belt of cleavage domes on the west and of Oliverian granitic domes on the
east. The latter are represented within the area by the synkinematically intruded
Devonian (?) Lebanon granite which has been forcibly injected upward and southeastward.
Surrounding metamorphics have been granitlzed, and the beds south of the intrusive
have been overturned. The cleavage domes are represented by the Pomfret dome, an un
usual structure thought to be due to the uparching of already folded rocks by a rising
granitic or migmatic massif.
Ordovician (?) eugeosynclinal metamorphics underlie most of the quadrangle.
These consist of the "Vermont sequence" (Waits River and Gile Mountain formations),
and the "New Hampshire sequence" (Orfordville formation). The latter is thought to
overlie and be a partial equivalent of the Gile Mountain formation, but the evidence
is not unequivocal. A revision of the stratigraphy of the Orfordville formation as
first described by Hadley (1942) is also necessitated by the geologic relations within
this quadrangle.
Three thrust faults disrupt the structure. Two of these, the Monroe and Northey
Hill, are premetamorphic, and recognized only with difficulty. The third, the Ammonoo
suc, is a clearly defined shear thrust.

STOP 1

West side of Connecticut River, on Route 5> 3 miles north of Lewiston, Vt.
Exposure
401 Chlorite-sericite schist (greenschist facies) of the
Post Pond volcanic member of the Orfordville formation (Oop)
30'

Brecciated zone of the Ammonoosuc thrust fault.

45'

Hornblende gneiss and quartzite (amphibolite facies) of the
Post Pond volcanic member of the Orfordville formation (Oop)

Note: This is one of several exposures of the Ammonoosuc thrust in the
Hanover quadrangle. The thrust dips westerly at 35° > and the hanging wall
has slid easterly for a probable distance of several thousand feet.
The chevron folds in the upper block are apparently characteristic of
the fault in this region.

1
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STOP 2

Hill on west side of road, lj miles north of Norwich, Vt.
Exposure
(east to west)
Chlorite schist (greenschist facies) of the Post
Pond volcanic member of the Orfordville formation (Oop)
Monroe fault

(?)

Pin-stripe schist. This may be an easternmost unit of the
Meetinghouse slate member of the Gile Mountain formation (Ogm),
the Orfordville formation (Oop), or possibly the Albee formation (Oal)

Note: These exposures are more or less typical of those along the projected
trace of the Monroe fault. This fault, further north, has a west-side-up
displacement, and separates rocks of the so-called "Vermont sequence" from
the "New Hampshire sequence". There is no structural evidence of faulting
in these outcrops and the Monroe fault, if present, must pass west of this
hill.
"Pin-stripe" schist is typical of the eastern third of the Meeting
house slate at the type locality of that member in the Strafford quadrangle
to the north; the western two-thirds is a black low-grade schist. Toward
the southern portion of the Hanover quadrangle, the Meetinghouse slate mem
ber is increasingly arenaceous.
Pillow lavas at the crest of the hill indicate stratigraphically younger
rocks to the west. If there is no fault, and the pin-stripe schists are a
part of the Gile Mountain formation, the latter overlies the Orfordville
formation. This is contrary to proposed stratigraphic correlations in the
region. Other evidence indicates the probability that the Meetinghouse slate
(Ogm) and lower Orfordville schists (Oop) are equivalent, and that the Gile
Mountain underlies the Orfordville formation.

STOP 3

Christian Street, one mile northeast of Hartford, Vt.
Exposure
Sodaclase tonallte gneiss (gn) in lit-par-lit structure with
chlorite schist of the Post Pond member of the Orfordville
formation (Oop)

Note: Diabase dikes which elsewhere cut through this complex, and the
complex itself, have been regionally metamorphosed to the greenschist
facies. Its geologic relations and a zircon-method age determination
(kZH- m.y.) indicate that the sodaclase tonallte is a member of the
Highlandcroft magma series (Ordovician) (av. age 388 m.y.). This dates
the Orfordville formation as Ordovician or older. If proposed strati
graphic relations are properly interpreted, the Gile Mountain formation
would also be Ordovician or older.
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STOP

Route 1^, 2 miles west of Hartford, Vt., on the White River
o
E
x
psure
Tightly-folded upper portion of the Gile Mountain formation
(Ogm) in the greenschist facies (biotite zone)

Note; This outcrop has excellent examples of cleavages of several types,
lineation, etc. Exposures at the east have two cleavages, one of them
axial-plane, and the other bedding- or slip-cleavage. At the west end
are good examples of reverse drag folds, probably produced by the rise
of the Pomfret cleavage dome to the west. West of these outcrops the
Gile Mountain formation becomes more arenaceous, and the cleavage gradual
ly flattens toward the cleavage dome. The detailed structure of the Gile
Mountain formation between these outcrops and those at Stop 5 is obscure.

STOP 5

Route 14, J miles northwest of West Hartford, Vt.
Exposure
(east to west)
Gile Mountain formation (Og):

basal arenacious beds

135 1 Standing Pond amphibolite (Ows);
member of the Waits River formation

the uppermost

Waits River formation (Ow); typical calcareous schist
in the amphibolite facies (kyanite zone)

Note: On the west side of the Pomfret dome the Standing Pond amphibolite
is 650 feet thick; toward the southwest it transgresses upward into the
Gile Mountain formation. The amphibolite has no volcanic structures, and
is probably a reworked volcanic tuff or flow.
Boudinage is pronounced in these outcrops, but the complex structure in
the Waits River beds is not apparent.
STOP 6

Hill

li miles N l*5°W of Hartford, Vt.
Exposure
Waits River formation (Ow) intruded by a small pegmatite vein

Note; Axial-plane cleavage in a series of easterly-dipping tight folds con
forms to the structural pattern of the cleavage dome. At the center of the
dome these folds are recumbent. Bean (1951) has detected low-density rock und
er the eastern side of the Pomfret dome, at an undetermined depth. Similar lowdensity rock occurs below the Strafford dome, to the northeast, at a depth of
2650 feet. The pegmatite suggests that the cause of the mass-deficiency is
granite.
Structures in the Waits- River formation are probably more complex than those
in the overlying formations which have no outcrops of comparable complexity.

STOP 7

West side of Farnum Hill, 1 mile south of Routes 3 and 4, and 4 miles
southwest of West Lebanon, N. H.
Exposure
(west to east)
i

Hornblende schist of the Post Pond volcanic member of the Orfordville
formation (Oop) in the amphibolite facies (garnet zone)
Black garnetiferous schist of the Orfordville formation (Oop)

Note: The contact between these two stratigraphic units roughly follows the
road southerly. Here as elsewhere the basal Post Pond is conspicuously cal
careous. The distinctly higher grade of metamorphism of these rocks as con
trasted with those at the next stop is striking. Rocks west of the Lebanon
pluton are more highly metamorphosed than those east and south of it.

STOP 8

Pasture north of road, and one mile south of Farnum Hill, Lebanon, N. H.
Exposure
(east to west)
Post Pond volcanic member of the Orfordville formation (Oop)
in the lower amphibolite facies
Black schist of the Orfordville formation (Oo)

Note: These outcrops are a few hundred yards east of the nose of a fold as
outlined by the Post Pond member and the black schists of the Orfordville form
ation. The steep northwesterly plunge of major and minor structure is due to
the overturning of an anticline by the forceful southeastward intrusion of the
Lebanon pluton. The northern end of the pluton plunges gently northwestward.
Thus its shape is that of an asymmetric cone, tilted northwesterly. The struc
ture deduced from field observations has been confirmed by Bean’s (1951) study
of gravity anomalies around the pluton.

STOP 9

Hardy Hill (south slopes), Lebanon, N. H.
Exposure
%

Hardy Hill quartzite member of the Orfordville formation (Ooh)
in the amphibolite facies. This is the type locality.

Note: Outcrops north of the road show graded bedding with tops west, but
steeply-plunging minor folds and cleavage-bedding relations indicate tops
east. The graded bedding is in agreement with regional stratigraphic and
structural relations, and the folds are thought to be inverted. The Leb
anon pluton lies to the west, and the Mas coma dome to the east. A couple
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STOP 9

(cont.)
produced by the simultaneous rise of the Mascoma dome (upward toward the
northwest) and the Lebanon pluton (upward toward the southeast) provides a
logical explanation for the minor structures, and for the type of triaxial
deformation recorded by the ellipsoidal conglomerate pebbles.
South of the road is a good outcrop of a Mississippian (?) diabase dike
truncating the steeply-plunging folds.

STOP 10

Northeast slope of Velvet Rocks, Hanover, N. H.

Border gneiss (quartz diorite)
(on the east)

(lb) of the Lebanon pluton

Pink Lebanon granite (lg) (on the west)

Note; These outcrops are near the northern nose of the Lebanon pluton.
Note the gentle dip of the foliate structures and the gentle northwesterly
plunge of the linear structures; also the aplites which fill cross joints or
are injected into foliation planes in the rocks. Although these outcrops are
near a structural nose, the lithologic contact between the border gneiss and
the granite trends southerly across the pasture, at a considerable angle to
the foliation. These relations are suggestive that some of the foliate struc
ture developed subsequently to the establishment of the lithologic contact, at
a relatively late date in the intrusive history. Areal and petrographic evi
dence indicates that the border gneiss, in part, represents metasomatized
Orfordville beds.
Age determinations by the zircon method for the rocks of the Lebanon pluton
are as follows; granite - 330 m.y.; border gneiss - 321 m.y.; aplite 328 m.y.
This would date them as late Silurian or early Devonian. Because they disrupt
early Devonian rocks, field evidence favors this latter date.
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